Objectives To assess the effects of taking an intercalated degree (BSc) on the study habits and learning styles of medical students and on their interest in a career in medical research. Design Longitudinal questionnaire study of medical students at application to medical school and in their final year. Setting All UK medical schools. Participants 6901 medical school applicants for admission in 1991 were studied in the autumn of 1990. 3333 entered medical school in 1991 or 1992, and 2695 who were due to qualify in 1996 or 1997 were studied 3 months before the end of their clinical course. Response rates were 92% for applicants and 56% for final year students. Main outcome measures Study habits (surface, deep, and strategic learning style) and interest in different medical careers, including medical research. Identical questions were used at time of application and in final year. Results Students who had taken an intercalated degree had higher deep and strategic learning scores than at application to medical school. Those with highest degree classes had higher strategic and deep learning scores and lower surface learning scores. Students taking intercalated degrees showed greater interest in careers in medical research and laboratory medicine and less interest in general practice than their peers. The effects of the course on interest in medical research and learning styles were independent. The effect of the intercalated degree was greatest in schools where relatively few students took intercalated degrees. Conclusions Intercalated degrees result in a greater interest in research careers and higher deep and strategic learning scores. However, the effects are much reduced in schools where most students intercalate a degree. Introduction of intercalated degrees for all medical students without sufficient resources may not therefore achieve its expected effects.
Introduction
About one third of medical students in the United Kingdom add an additional year to the basic five year undergraduate course and intercalate a degree in a medical science (generically a BSc). In some schools intercalated degrees are an integral part of a six year course. Intercalated degrees are controversial. Most recently, the Medical Research Council, in a ''senseless sacrifice," 1 withdrew its funding for students 2 3 despite a 1986 statement that: "most members of Council considered that intercalated awards were of the highest value in introducing future clinicians to research, and providing a cadre of graduates who were likely to become attracted to, and excel in, a career in academic medicine." 4 Although many medical teachers believe that intercalated degrees are beneficial, genuine doubt remains about its effect on attitudes and careers. Previous studies have found that medical academics tend to have intercalated a degree, 5 6 and intercalating students may 7 or may not 4 perform better in final examinations. The problem of interpretation was emphasised by the Committee of Vice-Chancellors and Principals' report into clinical academic careers: "the data . . . do not (cannot) demonstrate that intercalated degrees cause students to take up academic careers . . . it may be that those that are interested in academic research are those that seek to do the intercalated degree." 8 Although the literature has emphasised a research career as a principal outcome, 5 intercalated degrees may have broader effects. Modern medicine emphasises self directed learning and critical evaluation, skills which may be acquired during an intercalated degree and are relevant to all doctors. Learning styles may therefore also be a useful outcome measure, emphasising not what has been learned but how and why learning is taking place. [9] [10] [11] This study assesses the effect of an intercalated degree on learning styles and career preferences in a large prospective cohort of UK medical students and examines the effect of the degree in different medical schools.
Participants and methods
In a prospective, longitudinal study of medical student selection and training we studied 6901 applicants in 1990 for admission in 1991 to five UK medical schools. 12 These applicants represented 71% of all applicants to UK medical schools in that year. We sent questionnaires to applicants with European addresses and received replies from 92% (5361/5845). Applicants were informed that participation was not compulsory and was independent of the selection process.
Of the cohort, 3333 were admitted to any of the UK medical schools to which they had applied (that is, not only the five schools in the selection survey), 2961 in 1991 and 372 in 1992. In 1995 and 1996 all UK medical schools provided information on the progress of the 3333 entrants. A total of 3048 students had entered clinical courses, and 2695 were due to qualify in 1996 or 1997 and formed the subjects for the present study. The students were sent questionnaires about 3 months before final examinations (in 1996 or 1997). Response rate was 56% (1495/2695).
Learning styles (study habits) were assessed by an 18 item version of Biggs's study process questionnaire, 11 13-15 which has surface, deep, and strategic scales (box). 10 Reliability coefficients ( ) were 0.534, 0.721, and 0.637 in applicants and 0.591, 0.734, and 0.727 in final year students. Career preferences were assessed by a questionnaire rating 27 specialty areas on a five point scale from "definite intention to go into this" through to "definite intention not to go into this," scored 5 to 1. 16 Previous factor analyses suggested seven factors (see table 2), for which mean scores were calculated. The item on medical research was also analysed separately. Academic achievement was coded as average A level grade (A = 5; B = 4; C = 3; D = 2; E = 1; O/F = 0) and number of A levels.
The proportion of students taking intercalated degrees differs between medical schools (a "compositional variable" 17 ). We used multilevel modelling to assess the effect of this factor using final year strategic learning score as the response variable, allowing random variation at student and medical school level, and fixed effects of strategic learning at application, A level attainment, the taking of a BSc, the proportion of students at a school taking a BSc, and the interaction of the last two measures.
We used spss for windows version 8.0 for conventional statistical analysis and MLn for multilevel modelling. 17 18 Missing values, which represented about 1% of the questionnaire responses, were replaced by means when appropriate. Denominators are not always equal because of missing values. Significance tests from multiple regression and multilevel modelling are reported as z statistics (estimate/standard error).
Results
Intercalated degrees were taken by 904/2695 (33.5%) of the students. Degree classes were known for 795 students: 166 (20.9%) gained a first, 532 (66.9%) a 2.1, 86 (10.8%) a 2.2, and 11 (1.4%) a third, pass degree, or fail.
Learning styles
Students who subsequently took intercalated degrees had significantly lower surface learning scores at application to medical school and significantly higher A level grades and number of A levels than those who did not (table 1) . Final year students who had taken intercalated degrees had higher deep and strategic learning scores (table 1) . After scores at application were partialled out, final year students who had taken an intercalated degree had higher deep (z = 3.73, P < 0.001) and strategic (z = 4.56; P < 0.001) scores (but not lower surface scores (z = 0.546, P = 0.585)) than those who had not taken an intercalated degree. Significance remained similar after A level results were taken into account.
Surface, deep, and strategic learning showed linear trends on class of intercalated degree attained (z = − 2.67, 2.21, and 4.51; P = 0.008, 0.027, and < 0.001 respectively) after scores at application were partialled out (figure 1).
The average proportion of students taking an intercalated degree at a medical school was 36% (n = 28; SD 29%; median 26%; interquartile range 12-51%; range 2-100%). The interaction between the effect of taking a BSc on strategic learning and the proportion of students taking a BSc was significant (z = 2.47, P = 0.014; fig 2) , the effect of the BSc being greater in schools where fewer students took it. Regression on proportion of students intercalating a degree was significantly negative in those taking a BSc (z = 2.57, P = 0.010) but not significant in those not taking a BSc (z = 0.79, NS).
Career preferences
At application to medical school, students who subsequently took an intercalated degree had a higher preference for laboratory medicine and a lower preference for general practice ( interested in medical research (tables 2 and 3). Final year medical students who had taken an intercalated degree had higher preferences for laboratory medicine and medical research and lower preferences for general practice, the effect remaining significant after scores at entry and A levels were partialled out. Students gaining higher degree classes had a greater interest in medical research (z = 7.98, P < 0.001) and laboratory medicine (z = 7.31, P < 0.001) and a decreased interest in general practice (z = − 3.32, P = 0.001) after scores at application were partialled out. Analysis of difference between medical schools was restricted to interest in medical research. Multilevel modelling showed that after research career at application to medical school, mean A level grade, and number of A levels were partialled out there was a significant interaction between the effect of taking an intercalated degree and the proportion of students in each medical school taking an intercalated degree ( fig  3; z = 2.60, P = 0.010); a significant negative association was seen in those taking an intercalated degree (z = − 3.65, P < 0.001) and no association in those not taking a degree (z = 0.27, NS).
Relation between study habits and career preferences Since taking an intercalated BSc affects both study habits and career preferences, it is important to ask if the effects are independent or mediated. 19 For individual students, regression of strategic learning on taking an intercalated degree was significant after strategic learning at application and interest in medical research at application and final year were partialled out (z = 3.95, P < 0.001); similarly, an intercalated degree was significantly related to interest in medical research, after interest in medical research at application and strategic learning at application and final year were partialled out (z = 7.20, P < 0.001). At medical school level, the proportion of students taking a BSc remained significant after covarying the other variable (effect on strategic learning, z = 2.12, P = 0.034; effect on career in medical research, z = 3.34, P < 0.0001). Intercalated degrees therefore have independent effects on study habits and career preferences at student and medical school level.
Discussion
This study provides evidence that students taking an intercalated degree are more interested in medical research and also favour deep and strategic learning. The effect on learning has broad implications for medical education since these learning techniques could benefit all doctors. The benefits of the intercalated degree were present 3 years after it had been taken and might be expected to last much longer. Because our study is longitudinal, the hypothesis that the effects of an intercalated degree are due to self selection 8 can largely be discounted. Although detailed results cannot be presented here, there was no evidence that final year respondents were substantively different from nonrespondents based on scores at application. This was also found in our previous studies.
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Differences between medical schools A simple reading of our overall data might suggest that all medical students should take an intercalated degree. This is already the case at Oxford, Cambridge, and Nottingham and is being implemented at Imperial College School of Medicine and Royal Free and University College Medical School. Our large sample size, coupled with multilevel modelling, allowed comparison of medical schools. As more students in a medical school take an intercalated degree the benefit decreases. The mechanism of this effect cannot be elucidated from our data, but a possible explanation is dilution of resources: as proportionately more students take an intercalated degree there are fewer resources for each student, each member of staff supervising more students. If this hypothesis is correct, proper resourcing of intercalated degrees is necessary for them to be effective.
Direction of effects
It might be argued that our study does not show positive effects of the intercalated degree, but rather that the degree mitigates the negative effects of the rest of the course, preventing a fall in deep and strategic learning and decreased interest in research. That is possible. The effects of the other five years of the course are, however, more difficult to study, since all students take all components of it, and the effects are heavily confounded by maturational and age related changes. 21 Most of the students in our study were taking a traditional curriculum, but many medical schools are now introducing curriculums containing problem based learning. 22 These may themselves increase deep and strategic learning. [23] [24] [25] [26] Nevertheless, the intercalated degree remains an option in most new curriculums. Our study provides a baseline from which to determine whether new curriculums will increase deep and strategic learning in their own right.
Evidence based medical education
Although intercalated degrees have been encouraged and funded for many decades, this is the first prospective study assessing their impact. If medical education is Table 2 Mean (SD) scores for career preferences at time of application to medical school and in final year for students who did and did not take intercalated degree. Score of 5 indicates definite intention to go into specialty and 1 definite intention not to go into specialty 
Fig 3
Average final year score for interest in a career in medical research for students who did and did not take an intercalated degree in relation to percentage of students in each school taking degree. Regression lines were calculated with all data points, but points are plotted only for schools with at least four students in that category. Size of points is proportional to number of students at school to be based on evidence rather than mere custom, funding must be found for similar systematic studies of new curriculums.
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Key messages
x Although intercalated degrees are well established, little is known about their effect on medical students
x In this longitudinal study final year students who had taken intercalated degree were more interested in medical research, and had higher deep and strategic learning style scores than other students
x The effects of the intercalated degree were dose dependent, being greatest in those gaining a first class degree
x The effects of the intercalated degree were greatest in medical schools where a relatively small proportion of medical students took the degree.
x Differences between medical schools are most easily explained by resource dilution 
